The refraction seismic method has been used to investigate the form o f the surface of the hard rocks underlying the sediments on the continental shelf to the west of the English Channel. This surface is found to slope steadily downwards on receding from the land, and to reach a depth o f over 8000 ft. at the 100 fm. line. The velocity of elastic waves in the sediments is about 6000 ft./sec. near the surface and up to 9700 ft./see. lower down, compared to 16,000-22,000 ft./sec. in the basement. The bearing o f these results on the structure and history of the shelf is discussed.
Introduction
At the meeting of the International Union of Geodesy and Geophysics held a t Edinburgh in 1936 Professor R. M. Field described some experi ments th a t had been made by M. Ewing the year before (Ewing, Crary and Rutherford 1937) . In these experiments the refraction seismic method had been used to determine the thickness of the sediments on the Con tinental Shelf on the eastern side of the United States. P a rt of the area studied was dry land and the measurements there presented no special technical difficulty, but part was submerged, and the novel feature of the work was th a t it had been found possible to use the method a t sea. Professor Field suggested th a t similar work should be undertaken on this side of the Atlantic. In 1937 Dr Bullard visited the United States on the invitation of Professor Field and learnt in detail from Professor Ewing how his work had been carried out.
On returning to England application was made through the National Committee on Seismology to the Royal Society for funds, and to the Hydrographer, Vice-Admiral Edgell, for a ship. These requests were granted; the Admiralty allowed the use of H.M.S. Jason, an 850 ton surveying ship, for a week in July 1938, and the Royal Society appointed a committee under the chairmanship of Admiral Edgell to administer the funds and to direct the work. Preliminary experiments were made in Lake Windermere with the co-operation of the Fresh W ater Biological instrument was lowered by the steel wire of the Lucas sounding machine of the J a s o n; the wire being attached to the top, and the electric cable being paid out with some slack so th a t the strain came on the steel wire. The instrument was suspended about 2 fm. from the bottom until just before firing a shot, and was then lowered to the bottom. The steel and the electric cables were then slowly paid out till the shot had been fired. After the shot had been fired the instrument was again raised off the bottom and the slack in the electric cable pulled in. In this way when the ship swung round the geophone was free to come with it, and the cable did not become E. C. Bullard and T. F. Gaskell F igure 1. Geophone used in 1938 (overall diameter 10 in.).
twisted round the anchor chain, as sometimes occurs if the geophone is left on the bottom. To prevent pulls on the cable, due to the ship's motion and to currents, from disturbing the geophone a 30 lb. weight was attached to both cables about 6 ft. from the geophone. When a shot was fired this weight rested on the bottom near the geophone.
The experience in 1938 showed th a t it was desirable to design a special geophone for use at sea. I t was desirable th a t the instrum ent should be robust and th at it should work in either the erect or inverted position. The instrument used in 1939 is shown in figure 2 a and 6. I t consisted of a horseshoe magnet lying in a horizontal plane and constrained by springs so th a t it could only move in a vertical direction. Above and below the magnet were a pair of arm atures carrying coils connected in opposition. The instrument was damped by filling the case with oil. The gaps were about 2 mm. wide and the natural period about 0*03 sec. The sensitivity and its variation with frequency were similar to those of the instrum ent used in 1938. The steadiness of the records from this instrum ent before the explosion occurred was better than th a t of those used in 1938 and about twice the amplification could be employed. I f the precautions are taken of paying out slack whilst a record is being taken and of providing a weight near the geophone, the steadiness of the instrum ent is as good as or better than th a t usually found on land. The output from the geophone was amplified by a three-valve amplifier, resistance-capacity coupled (two H 2 valves and one PM 2A), and fed through a transformer to two of the strings of a six-string galvanometer. One of these strings was shunted to give a record of about a fifth of the amplitude of the other; in this way the record was not lost when the amplitude became so large th a t the shadow of the string recording a t full sensitivity was not recorded. The galvanometer was one of the type used in sound ranging in the 1914-18 war and was presented to us by the Royal Air Force Experimental Station. The harp was modified to allow the strings to pass each other. A time scale was provided by a reed, driven by a 100-cycle valve-maintained tuning fork.
In 1938 the explosive used was T.N.T. in 1 | lb. blocks; a number of these blocks were tied together, a primer was provided for every four blocks, and the central block carried an electric detonator. In 1939 blasting gelatine in 10 lb. sticks was used. These were placed in open tin cans which were tied together and weighted with clay; one 160 lb. charge was packed in a dust bin. The blasting gelatine is much cheaper than T.N.T. and seems to give a bigger ground motion. In 1938 the explosive was lowered from one of the Jason's boats. I t was only safe on fairly calm days and in consequence measurements could only be made on five days. I t was thought th a t this difficulty could be avoided by using two small ships in place of a large ship and a boat. I t was this th a t led to the hire of the two trawlers for the 1939 work. I t was found th a t the proportion of days on which it was possible to work was not much increased as the Renown could not safely be anchored in deep water except on fairly calm days. The anchor employed was a 1 cwt. CQR designed by Professor G. I. Taylor; with this anchor and 150 fm. of cable on a hand winch it was found possible to anchor in a depth of 100 fm. I t was not possible to handle charges greater than 60 lb. from the Jason's boat, and it is an advan tage of the use of two trawlers th a t it allows charges of any size to be used. The largest charge (160 lb. of blasting gelatine in 100 fm.) did not damage the ships, though the Arthur Rogers received a very noticeable blow from the sound wave. Some care would be necessary if larger charges were to be used in shallow water.
The instant of explosion was recorded by the breaking of a wire wrapped round the charge. This wire was included in the modulator circuit of a wireless transm itter. The signal was received on the recording ship and fed to one string of the galvanometer. In preliminary experiments in 1938 40 megacycle transm itters and receivers were used, but considerable trouble was experienced with variations in wave-length when the boat with the explosives rolled. A 7 megacycle transm itter and 40 megacycle receiver were finally used on the boat and a 40 megacycle transm itter and 7 megacycle receiver on the Jason. In 1939 transm itters working on 7-0 and 7*3 megacycles, stabilized with crystal oscillators, were used. These transmitters radiated about \ w att and perm itted duplex telephony, which is a great convenience. Some trouble was caused by loose rigging; the transm itter induced currents into various wires on the ship, and sudden variations in these currents due to changes in resistance a t loose joints caused clicks in the receiver. These clicks sometimes appeared on the records and are difficult to distinguish from the marks showing the instant of explosion.
The distance from geophone to explosion was measured roughly by taking the mast-head angle of the recording ship from the explosives boat. Preliminary trials showed, in agreement with Ewing's experience, th a t the wave travelling through the w ater from the explosion to the geophone was clearly recorded and enabled the distance to be determined from the known velocity of sound in sea water. The records taken on the Jason did not always show this wave as clearly as could be wished, and in 1939 a hydrophone was hung over the ship's side a t a depth of about 20 ft. and connected through an amplifier to one of the strings of the galvanometer. This always showed the sound through the w ater very clearly and usually enabled it to be identified with certainty on the geophone record. The distance from the explosion to the geophone is not exactly equal to th a t to the hydrophone, and it is therefore preferable to use the wave on the geophone record when it can be identified.
Account of the operations
The Jason sailed from Portsmouth on Sunday, 10 July 1938. The weather next day was too rough for the boat with the explosives to be lowered, but by the 12th it had improved sufficiently for measurements to be made at station no. 1, 3*8 miles south of the Lizard (figure 3). Three instruments were laid on the sea bottom, but the swinging of the ship with the tide caused two of them to be lost /a fte r which it was decided to use only one instrument a t a time and to attach a steel cable to it. During the night the Jason moved 112 miles west-south-west to station 5; on the 13th measurements were made at this station, but only a lower limit was obtained for the thickness of the sediments. The Jason then moved 53 miles further west-south-west to station 7; on the 14th, measurements were made at this station; again no bottom could be found to the sediments with the amount of explosive th a t it was possible to handle from the boat. The sea next day was too rough to allow the boat to be launched and the Jason moved east-north-east again to station 2, and on the 16th a good set of records was obtained. On the 17th, measurements were made at station 3. The Jason sailed homewards th a t evening and arrived a t Swanage on Monday, 18 July.
The Arthur Rogers and the Renown sailed from Plymouth on Saturday, 3 June 1939; next day both ships put into St Mary's in the Scilly Isles On the 5th. two shots were fired in the anchorage to determine the velocity of elastic waves in the granite there. Both ships then sailed to station 4 and the Renown anchored. Next day measurements were made a t this station, and during the night both ships sailed to station 6, where measurements were made on the 7th. I t was intended to make the next measurements near station 7, which had been visited in 1938, but the next two days were .lOOOfm too rough to work and the ships were hove to most of the time. During this time they drifted some way to the west and it was found difficult to sail back against the wind. The attem pt to reach station 7 was therefore tem porarily abandoned and measurements were made a t station 8 on 10 June. The ships then sailed back to near station 7, but the weather on 11 June was too rough to anchor. An attem pt was made to work without anchoring, bu t it was found impracticable to prevent the ship from pulling on the cables and disturbing the geophone. As the weather appeared to be getting worse it was decided to return to Helford. The Arthur Rogers arrived there on the evening of the 12th and the Renown on the 13th. On 14 June measurements were made at station 9 in mid-channel, and on Thursday, 15 June, both ships returned to Plymouth.
R esults
A typical record is illustrated diagrammatically in figure 4 . The first event to be recorded is the wireless signal indicating th a t the explosion has occurred (A, figure 4) ; next a wave travels through the water to the boat carrying the explosive, modulates the wireless transm itter by shaking it, and is therefore recorded by the string connected to the wireless receiver (B, figure 4 ). The separation of the two records is the time taken for the wave to travel from the explosion to the boat; this is the time taken to travel through a distance rather greater than the depth of the water. At short distances the next event to be recorded is the arrival a t the geophone of the wave through the sediments, but a t greater distances this is preceded by the refracted wave which has travelled down through the sediments, along in the rocks below, and up again; the arrival of such a wave is illustrated at C in figure 4. This first arrival may be succeeded by waves through the sediments (D, figure 4 ). Before the latter have subsided, the sound through the water will arrive at the hydrophone, which has until then been steady (E, figure 4 ). The same wave may or may not be apparent on the geophone record ( F, figure 4 ). Figure 5 is a reproduction of a record taken at station 6 with 20 lb. of blasting gelatine at a distance of 22,210 ft. Only the geophone trace is reproduced, but the points at which the wireless records the instant of explosion and the hydrophone records the arrival of the sound are marked. At 4*2 sec. the trace recorded a t full sensitivity becomes illegible owing to its great amplitude, but the low sensitivity trace (reproduced above the other) prevents the record being lost. The positions of the stations are shown in figure 3 and in table 3. The times and distances are summarized in table 1 and the deduced thicknesses and velocities for the various layers in table 2. The geophone was kept at a fixed point and a number of explosions were fired along a line passing through the geophone. When sufficient shots had been fired on one side of the geophone the explosives boat usually sailed to a suitable distance on the other side and a further shot was fired. The record from this shot enabled any slope of the surface separating the sediments from the underlying rock to be detected, and the error produced by it in the measured velocities to be allowed for.
E. C. Bullard and T. F. Gaskell
The methods used in reducing such observations have recently been discussed by the authors in some detail (Bullard, Gaskell, H arland and Kerr-Grant 1940) and this discussion will not be repeated here. Straight lines were fitted by least squares to the observed times of arrival of the 10"3 sec. In computing the standard errors of the velo cities no allowance has been made for the possible effect of undetected slope. In table 1 the observed times and the residuals from the adopted lines are arranged in columns so th a t a t any station the points lying on one line are in the same column. I t was found th a t the line corresponding to the direct wave usually went through the origin within the uncertainty of measurement; in the least squares reduction of such lines the intercept was forced to be exactly zero. Station 1. This station is 3-8 miles south of the Lizard. The first two points on the time-distance curve (figure 6) give a velocity of 9000 ft./sec. The next three points and a second arrival on the shot a t 6890 ft. give 12,000 ft./sec. Shots at 4210, 6890 and 8540 ft. give a velocity of 21,760 ft./sec. The time-distance graph indicates an increase in velocity from 9000 to 12,000 ft./sec. in the first 200 ft., followed by a sudden change to 21,760 at a depth of 1220 ft. I t is quite possible th a t the increase from 9000 to 12,000 is gradual, although two layers have been assumed for convenience of calculation. The rock with a velocity of 21,760 ft./sec. is presumably similar to the igneous rocks exposed on the neighbouring land, where the velocity in a gabbro has been determined by Gaskell and Harland to be 20,500 ft./sec. I t is surprising to find th a t this rock is so deeply buried a t a point only 3-8 miles from its outcrop. The wave from a shot a t 5230 ft. on the opposite side of the recording ship arrived 0*011 sec. later than was expected from the straight line through the other points. This would indicate th a t the interface was sloping a t 1 in 90 along the line away from the land, but with so few shots this cannot be regarded as certain. The velocity found for the overlying material is much too great for recent sediments near the surface (compare the velocities found at the other stations or in the Mesozoic clays of East England), and is th a t to be expected for a hard shale or a sandstone. This result is discussed below.
Station 2. Eleven shots were fired a t distances up to 12,130 ft. In sufficient explosive was used for the furthest shot and the results were not used in the calculation. The time-distance graph is shown in figure 7 . A layer giving a velocity of 6270 ft./sec. and a thickness of 650 ft. is indicated, overlying rock giving a velocity of 16,490 ft./sec. A shot in the reverse direction indicates a slope of 2° along the line. If this persists all along the line the true velocity would be 14,900 ft./sec. The velocity in the top layer indicates a fairly well consolidated sediment. The rock below may well be granite similar to th a t in the Scilly Isles 20 miles to the north-east, where a velocity of 15,390 ± 130 ft./sec. was obtained in 1939. The velocity here is definitely lower than th a t at most of the other stations.
Station 3. Eight satisfactory records were taken between 665 and 8934 ft. Two records a t 11,300 and 12,620 ft. were too feeble to be used. The time-distance graph is shown in figure 8 above the 24,350 ft./sec. line, indicating a slope of 4°, the sediment being thickest to the south-east. If this slope exists all along the line the velocity below the sediment would be 19,000 ft./sec. Station 4. This was the first station visited in 1939. I t was intended to be midway between stations 3 and 4, but owing to an error in navigation it is 10 miles to the north of the intended position. A transition from 6420 to 22,200 ft./sec. is found a t a depth of 1170 ft. Unfortunately the instant
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of explosion is not recorded on two records taken a t about 4000 and 5000 f t .; these records show the direct and refracted waves and the sound very clearly, but in the absence of an explosion mark neither the distances nor the times are known exactly. The failure of these two records greatly increases the uncertainty of the velocity in the lower layer and of the calculated depth, but in a general way there is no doubt about the result. The time-distance graph is shown in figure 9 . Station 5. Nine records were taken a t distances up to 14,000 ft., but insufficient explosive was used for the longer shots. The results merely show th a t there is no rock giving a velocity as great as 20,000 ft./sec. within 1400 ft. of the surface. The measurements are plotted on figure 10 with those a t the neighbouring 1939 station no. 6. Station 6. This was the second station visited in 1939. I t was intended to be a t the same point as the 1938 station, but is 5 miles to the north. The observations a t the shorter distances agree with those a t station 5 (see figure 10) . A t greater distances a refracted wave with a velocity of about 19,000 ft./sec. is observed. A shot in the reverse direction indicates a slope of 2°. If this extends all along the line the true velocity would be 21,000 ft./sec.
Station 7. Too little explosive was used for the shots beyond 11,000 ft. and the records are too weak to use. The nine nearer records give times th a t do not give a straight line on a time-distance graph. The first three records give a straight line, which is continued by second arrivals on some of the later records. This probably indicates a layer giving a velocity of about 5750 ft./sec. and with a more or less definite lower boundary. Below this the velocity increases to about 9640 ft./sec. I t is clear from the records th a t no branch of the time-distance curve giving a velocity as great as 20,000 ft./sec. can have an intercept less than 0*80 sec. This sets a lower limit of 3570 ft. to the thickness of the sediments and indicates th a t no rocks with this velocity lie a t less than 4000 ft. below sea level. The unsuccessful attem pts to extend the measurements a t this station in 1939 have been described above. Station 8. This station is about a mile inside the 100 fm. line and very near the edge of the Continental Shelf (the edge being taken as the line where the slope of the sea floor changes from about 1 in 3000 to 1 in 30). The results obtained in 1938 a t station 7 had suggested th a t sediments of a thickness approaching 10,000 ft. might exist a t this station and th a t a long line would therefore be necessary. Nine records were taken a t distances between 4780 and 59,710 ft. The records at the shorter dis tances agreed with those taken a t station 7. A pulse lying near the low velocity line observed a t station 7 is recorded on nearly all the records. The records out of 20,000 ft. give points lying on the higher velocity line found a t station 7. The results from station 7 have therefore been com bined with those a t this station, and the combined time-distance graph is shown in figure 11 . A branch of the time-distance curve giving a velocity of 23,550 ft./sec. is observed on six records taken at distances between 24,000 and 60,000 ft. The sound, besides being recorded by the micro phone, is also visible on the geophone records, its sharp onset occurring on the more distant records over 1 sec. after the rather gradual onset of the 5750 ft./sec. wave. There is therefore little doubt th a t the latter really is a wave through the sediments and not a wave through the water.
The fast wave from the rock below the sediments is particularly well observed at this station, and the calculated value of the depth should be more accurate than a t most of the other stations. Station 9. The object of the measurements a t this station was to deter mine whether the material giving a velocity of 9000-12,000 ft./sec. found a t station 1 near the Lizard extended to the middle of the Channel. The results show th at there is no unconsolidated sediment, the velocity being about 9700 ft./sec. near the surface and increasing to about 12,700 ft./sec. a t a depth of about 1300 ft. The increase may well be continuous, although it has been treated as discontinuous for purposes of calculation. There is no sign of a wave with a velocity of about 20,000 ft./sec.; such a wave would have been observed if its time-distance line had an intercept of more than 0*5 sec. From this it may be shown th a t rock giving a velocity of 20,000 ft./sec. cannot be present at a depth of less than 3400 ft. below the bottom of the sea. The considerable thickness of rocks with a velocity of 9000-12,000 ft./sec. found a t these two stations indicates th a t the igneous and metamorphic rocks th a t form the southernmost points of Cornwall (Land's End, the Lizard, the Eddystone Rock, etc.) do not form the floor of the Channel. 
Submarine seismic investigations

E rrors
The residuals in the last three columns of table 1 have been used to calculate the standard error of one observation. For this purpose the waves th a t arrive first were treated separately from those arriving when the ground was already in motion, and each group was divided into those with transmission times of less than and greater than 0-7 sec. The results were: 30 first arrivals taking less than 0*7 sec., standard error = 16 x 10~3 sec. 28 first arrivals taking more than 0-7 sec., standard error = 34 x 10-3 sec. 4 second arrivals taking less than 0*7 sec., standard error = 12 x 10-3 sec. 21 second arrivals taking more than 0*7 sec., standard error = 52 x 10~3 sec.
Allowance has been made for the 24 velocities and intercepts th at have been determined before the residuals were calculated. These figures may be compared with the 3 x 10-3 sec. obtained in work on land with very similar apparatus . The impression gained from measuring the records is th a t the uncertainty for the shorter shots is two or three thousandths of a second and for the more distant ones about fifteen thousandths, rising to perhaps twenty-five thousandths for some of the very distant second arrivals. The considerable excess of the observed errors over these values might be accounted for by departures of the rocks from uniformity, b u t we are not satisfied th a t this conclusion is justified. On the 1939 cruise the disturbances caused to the wireless by loose rigging occasionally made the record of the instant of explosion a little indefinite, also the record of the sound on the microphone is often preceded by a small disturbance which can cause some ambiguity when the sound is not dis cernible on the geophone record. These causes may have produced a few large residuals which have increased the standard error. I f further work were done it would be desirable to arrange th a t the breaking of the wire round the charge caused the transm itter to send a 500 cycle note in stead of a pulse as a t present.
N ature of the sediments
The velocities found for the waves travelling in the top 1000 ft. of sediments vary from 5750 to 7310 ft./sec. This may be compared w ith 4900-6300 ft./sec. found in the coastal plain of Virginia (Ewing et al. 1937) , and with 5900 in the Gault, 5000-7000 in the Oxford Clay, and 7600-87Q0 fb./sec. in the Lower Lias of E ast England. The velocities found are therefore w hat might reasonably be expected for marine sediments th a t have under gone no very extreme degree of consolidation.
Stations 7 and 8 where the depth of the floor is greatest show th a t the velocity increases to about 9600 ft./sec. I t is a m atter of great importance to the subsequent argument to determine w hether the rock giving this velocity is similar to the sediments above, only more thoroughly con solidated by the weight of the overlying rocks, or w hether it is separated from them by a major unconformity. In the former case there is a t the edge of the shelf a thickness of over 8000 ft. of more or less continuous sediments laid on a basement of rocks giving a velocity of about 20,000 ft./sec. In the latter case we have two separate sedim entary series of possibly widely differing ages; there might for instance be a Palaeozoic series giving the 9600 ft./sec., overlain by recent sediments.
The evidence on which this m atter has to be decided is not entirely con clusive, but as there is little prospect of collecting more for some tim e to come, it seems worth while to discuss it. Measurements of velocity in thick sedimentary series in other parts of the world have given comparable velocities a t similar depths. For instance, d ata quoted by Ewing and Leet (1932) give the velocities shown in table 4 for the sediments of Louisiana. There is therefore nothing in the velocity of 9600 ft./sec. to suggest th a t the rocks are not unmetamorphosed sediments. Further the velocity is exceptionally low for the English Palaeozoic or Pre-Cambrian; Bullard et al. (1940) 7. The form of the floor Figure 13 shows a section along the line of measurements; the results used are summarized in table 3. I t shows th at the floor slopes gradually seawards, and th at if this slope were extrapolated it would pass over smoothly into the floor of the deep ocean beyond. Whether the floor is in fact continuous across the edge of the shelf it is impossible to say, and further investigation of the m atter on the eastern side of the Atlantic is for the present impossible. If the floor is continuous then the edge of the shelf cannot mark the site of a fault, and must represent merely the edge of a pile of sediments growing seaward. There is good evidence from the presence of erratics on the sea floor th a t sedimentation is not a t present going on in the western approaches to the English Channel. I t may there fore be supposed th a t a particle of sediment falling on the sea floor is not able to rest there, but is carried hither and thither by wave and current action until it comes to rest in deeper and quieter water on the slope beyond the 100 fm. line. The surface of the shelf would consist of material having a grain size th a t could just not be moved by wave motion and currents. Such a process would result in the shelf gradually growing for ward on the downward sloping surface of the floor, whilst the sea bottom on the shelf was covered throughout by relatively coarse sand (Shepard and Cohee 1936) . At the edge landslips would occur and maintain the slope a t the angle of repose. In this way great thicknesses of " slum ped" sedi ments of the kind described by Jones (1939) and others would be produced. The weight of the superincumbent sediments would drive out some of the water and to some extent consolidate the lower p art of the sediments, and would produce the observed increase in velocity. The sediments would lie in lens-shaped masses, as shown in figure 14 , the older rocks lying below and to the west qf the younger. The progress of sedimentation may be inter rupted by vertical movements or by changes of currents, and the succession is not necessarily continuous. How long the total time required may be we have no means of estimating. In the Atlantic coastal plain of the United States most systems from Cretaceous to recent are represented, and analogy suggests th a t the European continental shelf is not likely to be entirely of recent origin.
Some doubt is thrown on the correctness of this view of the structure of the shelf by the results of dredging carried out by Stetson in the Georges Bank canyons (Stetson 1936 , Stephenson 1936 , Bassler 1936 , Cushman 1936 . From points 10 miles from the mouth of one canyon and 4 miles from the mouth of another he obtained Cretaceous sandstone, which he gives strong reason to suppose was in place. Such an occurrence is difficult to reconcile with the structure shown in figure 14 , which allows the older sediments to be exposed some way on the landward side of the edge of the shelf but not just a t the edge. I t is most desirable th a t further dredging and core sampling should be carried out, particularly in canyons further south where there is no possibility of the material being broken from large erratics. While this paper was passing through the press, a letter from Professor Shepard has appeared (1940) criticising the view suggested above. Some comments on this letter have been made by one of the authors (Bullard, 1940) .
The rocks beneath the channel
The two stations 1 south of the Lizard, and 9 in mid-Channel show no surface low-velocity layer. A rock giving a velocity of 9680 ft./sec. is directly on the surface, underlain by a rock giving a velocity of 12,700 ft./sec. Dredging near the Lizard has shown th a t the bottom of the sea is covered with a red sandstone which is probably in situ (Crawshay, 1907 (Crawshay, , W orth 1907 . Specimens of what is said to be this rock are to be seen in the fish storage tank at the back of the Marine Biological Station at Ply mouth. The layer 200 ft. thick giving a velocity of 9000 ft./sec. a t station 1 is presumably this rock and possibly also the 1320 ft. of 8690 ft./sec. at station 9. The failure to find any really high velocity rock a t either station is somewhat surprising, as igneous and metamorphic rocks occur on the south coast of Cornwall a t Land's End, the Lizard, and the Eddystone Rock, and also in Brittany. I t was thus natural to suppose th a t they would have been continuous under the Channel a t no great depth. I t appears from this and from the dredging results th a t the Channel is not merely a place where the sea has broken through, but is also the site of a basin of Mesozoic rocks softer than those on either side. I t is conceivable th a t the rock giving 9600 ft./sec. at these stations is to be correlated with th at giving 9640 ft./sec. at station 8, but the absence of such a velocity at intermediate stations makes this unlikely.
P ossible methods of working in deeper water
I t is clearly desirable th at measurements similar to those described in this paper should be extended beyond the edge of the shelf into water over 1000 fm. deep. The difficulties of handling long lengths of electric cable would make this a prohibitively expensive undertaking if a technique similar to th at employed in the present work were used. To reduce the length of the electric cables Ewing tried lowering the apparatus and charges to the bottom on a steel cable; the charges, geophones, and recorder being all on the bottom, and interconnected by electric cable. The disturbances produced by the ship pulling on the cable were so great as to render this method impracticable. He then tried lowering the instruments separately, attached to petrol-filled balloons which caused them to rise again at the conclusion of the measurements (Ewing 1938) . As far as is known, no deep water results have yet been obtained by this method, but there seems no reason why it should not work.
A few preliminary experiments were made with an alternative method in the late summer of 1939, but had to be abandoned before it was certain th a t it would work. As it is uncertain when it will be possible to resume the work it is thought worth while to describe the method briefly here. I t was proposed to let a line of charges sink freely to the bottom, attached to clocks or other devices to ensure th a t they fired some time after reaching the bottom. I t was hoped th a t the elastic waves through the bottom could be detected by a microphone at the surface of the sea. The distance and time of explosion can be determined if the direct and reflected waves through the sea from the explosion to the microphone can be observed.
Whilst investigating this method a very curious phenomenon was observed. When a detonator was exploded in water two separate pulses were observed. The cause of the second one is unknown, but it is possible th a t it is due to collapse of the bubble of gas formed by the explosion. This phenomenon, and indeed the whole question of the propagation of a wave from an explosion in water deserves further investigation.
